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 Aromatic azo compounds have potential applications in industry as dyes, pigments, 
food additives, and drugs and electronic devices. Recently, as the development of 
nanoscience and molecular devices, macromolecular systems containing 
photoresponsive units like azobenzene have attracted a strong interest for their cis–
trans photoisomerization phenomena which make many novel optical applications1-2. 
Aromatic azo compounds can be obtained by either oxidation of aromatic amines or 
reduction of aromatic nitro compounds.  
In this study, we report that the surface-enhanced Raman spectroscopy can be used 
to characterize the reaction products of aromatic amines and nitro compounds on 
silver electrodes based on our theoretical calculations. According to our theoretical 
calculations combined with the reports in literatures3-5, we propose that the p-
aminothiophenol (PATP) and p-nitrothiophenol (PNTP) molecules adsorbed on 
nanoscale rough surfaces of silver metals and nanoparticles under electrochemical or 
photocatalytic conditions undergo a catalytic coupling reaction to selectively produce 
a new surface species p, p’-dimercaptoazobenzene (DMAB), which is responsible for 
the experimentally observed Raman spectra.  
Figure 1 shows the simulated Raman spectra of PATP, PNTP, and DMAB 
molecules on silver nanoparticles. Three strong bands are observed at 374, 1072, and 
1596 cm-1 in the Raman spectra of PATP-Ag5 complex. They are assigned to the C-S 
stretching mode, the ring breathing mode, and the C-C symmetric stretching mode, 
respectively. Three intense bands are observed at 1070, 1333, and 1585 cm-1 in the 
Raman spectra of PNTP-Ag5 complex. They are assigned to the ring breathing mode, 
N-O symmetric stretching mode, and the C-C symmetric stretching mode, respectively. 
Our calculated result is in great accordance with normal Raman spectra of  PATP and 
PNTP molecules and surfaced enhanced Raman spectra of PATP(PNTP) measured at 
relative negative(positive) electrode potentials6-7.  
However, the SERS of PATP/PNTP obtained at more positive/negative potentials 
or at higher laser power are quite different from the normal Raman spectra of 
PATP/PNTP. The new bands at 1142, 1391, and 1440 cm-1 were interpreted as “b2 
mode” enhancement due to the charge transfer mechanism through the Herzberg-
Teller vibronic coupling in the previous work7. Our calculations proposed that the so-
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called b2 mode enhancement should be actually attributed to a new surface species 
DMAB from the surface catalytic reactions of PATP and PNTP. 
   
 
FIGURE 1.  Calculated Raman spectra of PATP (a), PNTP (b), and DMAB (c) interacting with Ag5 
clusters. An excitation wavelength of 514.5 nm and a line width of 10 cm-1 were used in the simulated 
spectra. 
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